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B Case 2

Fig. 1. Microscopic examination of liver (Sudan Ill staining): (A) case 1, (B) case 2, (C) case 3, and (D) case 11. Diffuse and distinctive Sudan llI-positive vacuoles were detected in case
1 (A) and moderate Sudan lll-positive vacuoles were detected in cases 2 and 3 (B, C). No Sudan lll-positive vacuoles were detected in the other cases, for example case 11 (D).

In case 3, although moderate steatosis existed on histological
examination, the data did not suggest specific disease.

4.3. Mutational analysis in cases 1 and 2

In case 1, no disease-causing or novel mutation was found in the
CACT gene, although two homozygous substitutions (¢.1055T>G and
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Fig. 2. Box plot of long-chain acylcarnitine profiles. In almost all cases the data were
within the third quartile + 1.5 of the interquartile range (IQR), whereas the long-chain
acylcarnitines in cases 1 and 2 were distinctly increased. The upper edge of the square
indicates the third quartile and the lower edge of the square indicates the first quartile.
The upper limit of the line is the third quartile + 1.5 IQR.

¢.1102G>A) and two heterozygous substitutions (c.1148T>A and
¢.1931T>C) were found in the CPT 2 gene (Table 3). The two
homozygous substitutions result in phenylalanine to cysteine substitu-
tion at position 352 (p.F352C) and valine to isoleucine substitution at
position 368 (p.V368l). These two substitutions are common genetic
polymorphisms [19-22]. The two heterozygous substitutions result in
phenylalanine to tyrosine substitution at position 383 (p.F383Y) and
leucine to serine substitution at position 644 (p.L644S) (Table 3). The
¢.1148T>A substitution is a disease-causing mutation [20-23]. The
¢.1931T>C substitution, which has not been reported previously, was

Table 3
Identified base substitutions of cases 1 and 2.

Gene Location Substitution Amino acid Haplotype

Case 1

CcPT2 exon4 ¢.1055T>G* F352C Homo
exond c.1102G>A* V368I1 Homo
exond c1148T>A F383Y Hetero
exons ¢.1931T>C 1644S Hetero

Case 2

T2 exon4 c.1055T>G* F352C Hetero
exon4 c.1102G>A* V3681 Homo

ACADVL exon2 c.128G>A* G43D Hetero

HADHA IVs1 +51G>T* Hetero
exon6 c.474C>T* Y122Y Hetero
IVs6 +26G>C* Hetero

HADHB Exon2 ¢.6-7insACT* T2-3ins Hetero
VS8 —50C>A%* Hetero
exonl10 €.825T>C* V242V Hetero
IVS11 -+ 66A>G* Hetero
IVs13 +4A>T* Hetero
IVS13 —27T>C* Hetero

* These substitutions have been already reposted as a polymorphism or were detected
in control subjects in this study.
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Fig. 3. Haplotype analysis of case 1. Sequence analysis of the 3304-bp PCR products revealed two types of sequencing patterns: ¢.1148T-c.1931C was on allele 1 and ¢.1148A-c.1931T

was on allele 2.

not detected in 100 chromosomes of healthy control subjects (data not
shown). This indicated that this substitution was not a polymorphism.
Concerning the haplotype of this patient, sequence analysis of the 3304-
bp PCR products that included a pair of heterozygous substitutions
(c.1148T>A and ¢.1931T>C) revealed two types of sequencing patterns:
¢.1148T-c.1931C was on allele 1 and ¢.1148A~-c.1931T was on allele 2
(Fig. 3). These data indicate that the patient had a compound
heterozygote for the ¢.1148T>A mutation and the c.1931T>C mutation.

In case 2, some substitutions existed in exons and their flanking
intronic regions of each gene, but all substitutions have been already
reported as a polymorphism or were detected in control subjects in
this study (Table 3).
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4.4. Acylcarnitine analysis of newborn screening card of case 1

The acylcarnitine profiles of the newborn screening card of case 1
showed increases in long-chain acylcarnitines such as €18:1, C18:2,
and C18 (Fig. 4). The ratio of C18:1 + C16 to C2 was 1.56, suggestive of
CPT Il deficiency or CACT deficiency.
5. Discussion

In the present study we retrospectively reviewed 30 Japanese SUDI

cases and found two cases of long-chain fatty acid oxidation defects,
Molecular analysis revealed that the one patient had a compound
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Fig. 4. The acylcarnitine profiles of newborn screening card of case 1. The acylcarnitine profiles showed increases in long-chain acylcarnitines such as C18:1, €18:2, and C18.
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heterozygote for a novel mutation (p.L644S) and a disease-causing
mutation (p.F383Y) in the CPT 2 gene. Furthermore, retrospective
acylcarnitine analysis of the newborn screening card of this patient
was consistent with CPT II deficiency.

5.1. Fibroblasts should be cultured for enzyme analysis

For making a definite diagnosis such as FAODs, enzyme analyses of
fibroblasts, leukocytes, liver, or muscle are needed. These samples
should be obtained immediately after death to avoid postmortem
changes [24]. However, autopsies are not always performed imme-
diately after death so accurate diagnosis is difficult. On the other hand,
culturing of fibroblasts is still possible on the fourth day postmortem
[4]. It would therefore be beneficial to culture fibroblasts in the future.

Consequently, we performed histological examinations of liver
and blood acylcarnitine analyses for screening SUDI cases in the
present study. In place of enzyme analysis, genomic DNA analysis was
performed to make a definite diagnosis.

5.2. Hepatic steatosis was found in 10% of SUDI cases

In the present study, three of 30 cases were associated with
hepatic steatosis. According to a previous SUDI report, 16 (7.3%) of
220 SUDI cases had hepatic steatosis [25]. In the Japanese population,
13.5% had hepatic steatosis [26]. These proportions are consistent
with the present study.

5.3. Blood acylcarnitine analysis was useful for detecting FAODs

In most of the postmortem samples, free carnitine and short-chain
acylcarnitines were increased and long-chain acylcarnitines were not
increased compared with the normal range for premortem samples
(Supplementary data). Although these data suggested CPT I deficien-
cy, they might partly be due to postmortem changes, as tandem mass
spectra from postmortem blood samples are predominantly charac-
terized by increases in free carnitine and short-chain acylcarnitines
[6]. It is difficult to distinguish whether these results were due to
postmortem changes or other FAODs.

The acylcarnitine profiles in cases 1 and 2 showed increases in
long-chain acylcarnitines (Fig. 2), suggestive of long-chain fatty acid
oxidation defects. CPT Il deficiency, CACT deficiency, very-long-chain
acyl-CoA dehydrogenase (VLCAD) deficiency, LCHAD deficiency, and
MTP deficiency are known to show long-chain fatty acid oxidation
defects.

To distinguish CPT II deficiency and CACT deficiency from VLCAD
deficiency, the ratio of C16 to C14:1 was used. The ratio was based on
the finding that C14:1 is characteristically increased in VLCAD
deficiency but not typically in CPT Il deficiency and CACT deficiency.
The median value of C16/C14:1 for CPT Il deficiency and CACT
deficiency was 46, whereas that for VLCAD deficiency was 5.7 [6]. In
LCHAD deficiency and MTP deficiency, the median value of C16/C14:1
was 5.2. Furthermore, the acylcarnitine profiles may show increases
not only in C16, C18:1, C18:2, and C18 but also in long-chain
hydroxyacylcarnitines (C160H, C18:10H, and C180H) [6}].

In case 1, long-chain acylcarnitines such as C16, C18:1, C18:2, and
C18 were increased, but C14:1 was not increased. The ratio of C16 to
C14:1 was as high as 49.4. These data suggest that the patient had CPT
Il deficiency or CACT deficiency. In case 2, not only C16, C18:1, C18:2,
and C18 but also C14:1 and C14:2 were increased. The ratio of C16 to
C14:1 was 16.25. Long-chain hydroxyacylcarnitines such as C16:0H,
C18:10H, and C18:0H were also increased. These data suggest that
the patient had LCHAD deficiency or MTP deficiency.

In case 3, although steatosis existed on histological examination,
the data did not suggest specific disease. Fatty infiltrations are shown
with ethanol intoxication, drugs such as valproic acid, infection,
autoimmune hepatitis, total parenteral nutrition, type 1 diabetes

mellitus, and nutritional deficiency, as well as inherited metabolic
disorders [27]. Further investigations are needed in this case.

5.4. A novel mutation was found in CPT 2 gene with disease-causing
mutation in a compound heterozygote in case 1

In case 1, no mutation was found in the CACT gene. However, two
heterozygous mutations were found in the CPT 2 gene (Table 3). Since
CPT 1 deficiency was first described in 1973 [15], many case reports
have been published. More than 70 disease-causing mutations have
been reported [19,20,22,28-53], including mutations predominant in
Japanese [20-23). The p.F352C substitution is a common sequencing
polymorphism in Japan {21,22], while the p.V368I substitution was
also reported to be a sequencing polymorphism that occurred in a
normal Southern European population with an allelic frequency of
0.51 [19]. These two polymorphisms do not seem to have any effect on
CPT II activity [19,21]. The p.F383Y substitution has previously been
reported to be a disease-causing mutation [20], although there are no
reports in the literature on the p.L644S substitution. The crystal
structure of CPT I revealed that the L644 residue is located in o-helix
20 [48,54], so that this amino acid substitution may change the
structure of the c-terminal region. Haplotype analysis revealed that
these two heterozygous substitutions are not located on the same
allele but formed a compound heterozygote (Fig. 3). These findings
suggest that the patient had CPT II deficiency with a compound
heterozygote for a novel mutation (p.L644S) and a disease-causing
mutation (p.F383Y).

In case 2, several substitutions existed, all of which may be
polymorphisms. In the present study we amplified only exonic regions
with their respective flanking intronic regions. Therefore, a heterozy-
gous large deletion, disease-causing mRNA variants, or promoter
activities were not identified. Indeed, in the HADHB gene, a case has
been reported where intronic exonization was caused by deep intronic
mutation and caused MTP deficiency [55]. Further investigation is
needed to identify the cause of long-chain fatty acid oxidation defect in
this patient.

5.5. Expanded newborn screening may prevent sudden death

Postmortem metabolic screening and molecular analysis enabled
us to identify one case of CPT II deficiency, which would have been
difficult to diagnose with conventional autopsy. Although metabolic
autopsy is standard in some countries [56], it is not yet prevalent in
Japan.

Regarding premortem screening in Japan, dried blood of newborn
screening cards are used for the detection of the following diseases:
phenylketonuria, maple syrup urine disease, homocystinuria, galacto-
semia, congenital adrenal hyperplasia, and congenital hypothyroidism.
Expanded newborn screening for FAODs, amino acidopathies, and
organic acidemias is only performed in restricted regions in Japan as a
pilot study [57]. The region where the patient with CPT Il deficiency was
born was not included in this pilot study and premortem screening for
FAODs was not performed. We obtained the newborn screening card of
this patient and performed acylcarnitine analysis. As we predicted, long-
chain acylcarnitines such as C18:1, C18:2, and C18 were increased and
the ratio of C18:1 4 C16 to C2 was also increased, consistent with CPTII
deficiency or CACT deficiency (Fig. 4).

Some FAODs are treatable; CPT II deficiency also can be treated by
avoiding fasting and supplying glucose or carnitine [8-10]. Therefore,
if premortem screening had been performed, he could have been
diagnosed with FAODs, he might have been successfully treated, and
sudden death might have been prevented.

In conclusion, metabolic autopsy and expanded newborn screen-
ing would be helpful for forensic scientists and pediatricians to
diagnose FAODs and prevent SUDL
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Mitochondrial trifunctional protein (MTP) is a multienzyme complex involved in the metabolism of long-
chain hydroxyacyl-CoA, a product of the fatty acid B-oxidation cycle. MTP is an a4P34 hetero-octomer
encoded by two different genes: HADHA (OMIM 600890) and HADHB (OMIM 143450). MTP deficiency in-
duces three different types of presentation: (1) a lethal phenotype with neonatal onset (severe); (2) a hepat-
ic phenotype with infant onset (intermediate); and (3) a neuromyopathic phenotype with late-adolescent
onset (mild). While acylcarnitine analysis has revealed increased levels of long-chain hydroxyacylcarnitine
in blood when an MTP deficiency exists, the neuromyopathic type is usually asymptomatic and does not al-
ways result in an abnormality in acylcarnitine analysis results. We report here the case of a 13-year-old girl
with recurrences of intermittent myalgia since her early childhood, for whom the disorder had not been def-
initely diagnosed. Since she was referred to our hospital because of rhabdomyolysis, we have repeatedly per-
formed blood acylcarnitine analysis and found slight increases in long-chain 3-OH-acylcarnitine levels, on the
basis of which we made a chemical diagnosis of MTP deficiency. Immunoblot analysis of skin fibroblasts
revealed loss of - and R-subunits of MTP. In addition, analysis of the HADHB gene, which encodes long-
chain 3-ketoacyl-CoA thiolase, one of the enzymes constituting MTP, identified compound heterozygous mu-
tations of ¢520 C>T (p.R141C) and ¢.1331 G>A (p.R411K).

MTP deficiency is considered an extremely rare disorder, as only five cases (lethal phenotype, two patients;
hepatic phenotype, two patients; and neuromyopathic phenotype, one patient) have thus far been reported
in Japan. However, it is likely that the neuromyopathic phenotype of MTP deficiency has not yet been diag-
nosed among patients with recurrences of intermittent myalgia and rhabdomyolysis, as in our patient
reported here.

Keywords:

Rhabdomyolysis

Fatty acid oxidation

Mitochondrial trifunctional protein (MTP)
Long-chain 3-ketoacyl-CoA dehydrogenase
(LKAT) :

HADHB gene

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Mitochondrial trifunctional protein (MTP) is a multienzyme com-
plex involved in the metabolism of long-chain hydroxyacyl-CoA, a
product of the fatty acid B-oxidation cycle [1]. When an abnormality
exists in this complex, the fatty acid B-oxidation cycle fails to supply
an adequate amount of energy, resulting in three different types of
presentation: a lethal phenotype with neonatal onset, in which he-
patic and/or cardiac muscular disturbance occurs early in infancy,

 Databases: HADHA OMIM:600890, GDB:434026, GenBank:NM_000182HADHB
OMIM: 143450, GDB:344953, GenBank:NM_000183
* Corresponding author at: Kobe University Graduate School of Medicine, 7-5-1,
Kusunokicho, Chuo, Kobe, Hyogo 6500017, Japan. Fax: +81 78 382 6099.
E-mail address: myagi@med.kobe-u.ac.jp (M. Yagi).

1096-7192/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2011.09.025

causing sudden death; a hepatic phenotype with infant onset, in
which non- or low-ketotic hypoglycemia occurs; and a neuromyo-
pathic phenotype with late-adolescent onset, in which muscular
symptoms such as intermittent myalgia or rhabdomyolysis occur
[2,3]. The diagnosis is based on increased levels of long-chain 3-OH-
acylcarnitine, as demonstrated by blood acylcarnitine analysis using
ESI-MS/MS. However, the neuromyopathic phenotype is usually
asymptomatic and frequently shows no abnormal test results; there-
fore, its definite diagnosis may require an extended length of time.

A 13-year-old girl with repeated myalgia since early childhood, in
whom MTP deficiency had not been diagnosed, was referred to
our hospital because of rhabdomyolysis. We repeatedly performed
blood acylcarnitine analysis, found slight increases in long-chain 3-
OH-acylcarnitine levels, and finally diagnosed MTP deficiency by
Western blot and genetic analysis.
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2. Materials and methods
2.1. Case

The 13-year-old girl was the first child of non-consanguineous
parents, and was born at 42 weeks of gestation after an uneventful
pregnancy. Her birth weight was 3032 g. One month after birth, an
apparent life-threatening event (ALTE) developed; however, she
showed normal growth and development. From the age of 3 years,
she complained of pain in her leg muscles after walking over a long
distance. From the age of 9years, the frequency of intermittent
acute muscle pain increased and even mild exercise occasionally
caused severe discomfort in her leg muscles. The symptom was
often triggered by infection and menstruation. She experienced
bouts of muscle pain after hard exercise such as running on a school
field day or hiking on a school excursion. After hard exercise, she
felt difficulty in moving because of unusual severe pain in her gener-
alized muscles. Serum acylcarnitine analysis performed at 10 years of
age revealed slightly increased levels of long-chain acylcarnitine,
on the basis of which very long-chain acyl-CoA dehydrogenase
(VLCAD) deficiency was suspected. However, her VLCAD activity
was normal and the disorder had not been definitely diagnosed.

At the age of 13 years, she was admitted to Kobe University Hospi-
tal with severe myalgia over the whole body. On admission, hemato-
logical and biochemical investigations revealed markedly elevated
serum creatine kinase (22,885 IU/L), aldolase (62.6 IU/L), and myo-
globin (2960 ng/mL). Plasma free and total carnitine and total keton
bodies concentration were normal (Table 1). Echocardiography and
electocardiography did not reveal any evidence of a cardiomyopathy.

Table 1
Laboratory findings upon hospitalization.

<Blood biochemistry> Reference range

AST 529 IU/L 13-31
ALT 205 IU/L 8-34
LDH 909 u/L 115-217
CK 22,885 UL 46-168
CK-MB 434 IU/L 0-25
Aldolase 62.6 IU/L 2.2-55
Myoglobin 2960 ng/mL 0-60
BUN 11 mg/dL 9-22
Cre 034 mg/dL 0.5-13
T.chol 167 mg/dL 146-219
TG 58 mg/dL 28-149
Glu 180 mg/dL 61-92
Lactic acid 19.1 mg/dL 3-17
Pyruvic acid 147 mg/dL 0.3-0.94
Total ketone bodies 39 pmol/L 26-122
Acetoacetate 24 pmol/L 13-69
B-hydroxy butylate 15 umol/L 0-76
Total carnitine 57 pumol/L 45-91
Free carnitine 457 umol/L 36-74
Acylcarnitine 11.3 pmol/L 6-23
<Acylcarnitine analysis> Reference range
(Blood spot)

C14:1 0.21 HM <0.4
C14-OH 0.12 [yl <0.12
C16:1 0.15 UM <0.785
C16:0-OH 0.18 M <0.12
C18-OH 0.066 uM <0.1
C18:1-OH 0.15 M <0.07
(Serum)

C14:1 04 M <0.1
C14-OH 0.2 M <0.1
C16:1 02 uM <0.1
C16:0-OH 0.16 um <0.8
(18-0OH 0.077 M <0.05
C18:1-OH 0.13 uM <0.7

2.2. Methods

2.2.1. Urine organic acid and acylcarnitine analysis

Urine organic acid and blood acylcarnitine analysis from dried
blood spots and serum were performed by GC/MS and ESI-MS/MS, re-
spectively, as described in detail previously [4].

2.2.2. Cell culture

Fibroblasts from the patient were cultured in Eagle's minimum es-
sential medium containing 10% fetal calf serum and antibodies
(100 pg/mL each of penicillin and streptomycin; Nissui Pharmaceutical
Co. Ltd., Tokyo, Japan).

2.2.3. Western blot analysis

Western blot analysis was performed following 12.5% SDS/PAGE
[5] using rabbit polyclonal antibodies raised against purified MTP pro-
tein as the primary antibody. Bound antibodies were visualized using
the ImmunoPure NBT/BCIP Substrate Kit (Promega, Madison WI,
USA). Protein concentrations were determined using the Bio-Rad pro-
tein assay protocol (Bio-Rad Laboratories, Hercules, CA).

2.2.4. Mutation analysis

Genomic DNA was extracted from the patient’s fibroblasts using a
QlAamp DNA Micro Kit (Qiagen GmbH Hilden, Germany). We
designed 20 sets of primers for amplification of HADHA (one for
each exon, including 5’ and 3’ splice sites), and 16 sets for amplifica-
tion of HADHB. Each exon was amplified by polymerase chain reaction
(PCR) and directly sequenced as described previously [6].

3. Results
3.1. Urine organic acid and acylcarnitine analysis

Urine organic acid analysis performed at the same time revealed
slight ketosis (as indicated by slightly increased excretion of 3-OH-
butyrate), low-ketotic dicarboxylic aciduria (as indicated by in-
creased excretion of adipate and suberate), and 3-OH dicarboxylic
aciduria (as indicated by increased excretion of 3-OH-sebacate and
3-OH-dodecanedioate).

Acylcarnitine analysis of blood spots at the time of hospitalization
revealed increases in the levels of long-chain 3-OH-acylcarnitines
(C14-0OH, C16-0H, C18-1-OH). The changes indicated an MTP defi-
ciency. On the other hand, elevation of both long-chain acylcarnitines
(C14-1, C16-1) and long-chain 3-OH-acylcarnitines (C14-OH, C18-
OH) in serum suggested a VLCAD deficiency (Table 1). These findings
strongly suggested long-chain fatty acid metabolism disorder, VLCAD
or MTP deficiency, however, it was difficult to distinguish between
the two. So acylcarnitine analysis was performed another four
times, with inconsistent results: slightly increased levels of long-
chain 3-OH-acylcarnitine (C16-OH, C18-1-OH), a feature of MTP defi-
ciency, were noted on two occasions, while no abnormality was noted
on the other two occasions. On the basis of these results and her clin-
ical manifestations, we made a chemical diagnosis of a mild form of
MTP deficiency, in which neither symptoms nor abnormal laboratory
findings are noted during attack-free intervals.

3.2, Western blot analysis

Western blot analysis using samples extracted from the patient's
skin fibroblasts detected neither o~ nor B-subunits of MTP (Fig. 1),
whereas both subunits were detected in control fibroblasts. These
findings showed that the patient had an MTP deficiency.
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Fig. 1. Western blot analysis of cultured skin fibroblasts of mitochondrial trifunctional
protein. MTPa- and MTPR- were not detectable in the patient’s fibroblasts. MTP- and
MTPB-, a- and B-subunits of MTP, respectively; VLCAD, very long-chain acyl-CoA
dehydrogenase.

3.3. Mutation analysis

Analysis of the genes encoding MTP component enzymes identi-
fied compound heterozygous mutations of ¢.520C>T/c.1331G>A
(p.R141C/p.R411K) in the HADHB gene encoding long-chain 3-
ketoacyl-CoA thiolase (LCT), one of the enzymes constituting MTP.
No mutation was found in the HADHA gene.

4. Discussion

Fatty acid metabolism plays an important role in energy supply in
the body. Its pathways comprise intake of fatty acids from cell mem-
branes, the fatty acid p-oxidation cycle, an electron transport chain,
and production of ketone bodies. More than 20 enzymes and trans-
porters are known to be involved in the metabolism.

MTP resides in the mitochondrial inner membrane, and is a multien-
zyme complex involved in the metabolism of long-chain hydroxyacyl-
CoA. In MTP deficiency, f>-oxidation of long-chain fatty acids is im-
paired; the deficiency is asymptomatic when the supply and demand
of energy is in balance; however, if the energy supply is inadequate
when the demand for energy is increased by infection, disease, exercise,
or elongated intervals between meals, the body cannot handle the ener-
gy shortage. Symptoms occur in organs requiring large amounts of en-
ergy produced by the metabolism of fatty acids, such as the brain,
cardiac muscle, liver, and skeletal muscle. The patient reported here
began to repeatedly complain of leg pain after exercise at around the
age of 3 years, and as she grew up, her muscle symptoms became
more prominent. These findings led us to conclude that her clinical
manifestations were of the muscular type of MTP deficiency. In addi-
tion, an ALTE occurred at the age of one month. It was assumed that
this episode might also have been related to MTP deficiency.

MTP deficiency is a very rare disorder, and has thus far been reported
in only about 50 patients (of whom 20 were classified as having the neu-
romyopathic phenotype) in Europe and North America, and in five pa-
tients (of whom only one had the neuromyopathic phenotype) in
Japan. In many patients with the muscular type, the time from onset to
definite diagnosis was long. Spiekerkoetter et al. investigated the clinical
manifestations of 11 patients with muscular-type MTP deficiency and
reported an average period from initial onset of the disorder to diagnosis
of 5years and 10 months [7]. In the one patient with muscular-type
MTP deficiency reported in Japan, rhabdomyolysis began to repeatedly
occur at the age of 15 years, and a definite diagnosis was made at the
age of 23 years [8]. More recently, it has become possible to perform
less expensive, more convenient, and highly accurate blood acylcarni-
tine analysis using tandem mass spectrometry, which has resulted in di-
agnosis of a fatty acid metabolism disorder in an increasing number of

patients. MTP deficiency is characterized by increased 3-OH-
acylcarnitine (C16:0, C16:1, C18:0, C18:1) in serum (or plasma) or
blood spots, demonstrated by acylcarnitine analysis, whereas the
analysis does not detect any abnormality when no episodic symptoms
occur [9]. In our patient, we repeatedly performed blood acylcarnitine
analysis and found no consistent results. In the first analysis, the
profile from the blood spots indicated an MTP deficiency, while that
from the serum indicated a VLCAD deficiency. It was difficult to
distinguish between VLCAD and MTP deficiency on the basis of results
from the first analysis. In the following analysis, a slight increase in the
levels of long-chain 3-OH-acylcarnitines, a feature of MTP deficiency,
was noted on some occasions, but no abnormality was detected on
other occasions. Comprehensive evaluation of these acylcarnitine analy-
sis results and her clinical manifestations were highly suggestive of MTP
deficiency. Furthermore, diagnosis was confirmed by Western blot anal-
ysis and genetic analysis. When patients with recurrent myalgia and
rhabdomyolysis are examined on the assumption that fatty acid disor-
der including MTP deficiency may be diagnosed, it is important to re-
peatedly perform acylcarnitine analysis using samples obtained while
symptoms occur.

MTP is an octamer composed of four a-subunits that function as
long-chain hydroxyacyl-CoA dehydrogenases (LCHADs) and long-
chain enoyl-CoA hydratases (LCEHs), and four B-subunits that func-
tion as LCTs [10]. LCHAD and LCEH subunits are encoded by the
HADHA gene, and LCT subunits are encoded by the HADHB gene.
These two genes are adjacently located in the human chromosome
region 2q23 [11], and consist of 20 and 16 exons, respectively
[12,13]. The ¢.1331G>A (p.R411K) mutation detected by the
HADHB gene analysis in our patient is the same as that found by
Orii et al. in two Japanese family lines with MTP deficiency, which
they reported was mild in both patients [14]. On the other hand, the
€.520 C>T (p.R141C) mutation has never been reported, and is there-
fore novel. Because the latter mutation was not detected in 50 normal
controls and Arg141 is conserved in different species, we concluded
that the ¢.520 C>T (p.R141C) mutation was a causative mutation.

Some investigators have compared the neuromyopathic pheno-
type of MTP deficiency with the lethal phenotype and found that
the neuromyopathic phenotype is associated with better preserved
enzyme activities and is more closely related to protein expression
and clinical manifestations [15,16]. In our patient, the clinical mani-
festations fell into the category of the neuromyopathic phenotype,
but Western blot analysis detected neither o- nor B-subunits of
MTP. It has been reported that MTP exerts enzymatic activities in a
stable manner only when the o- and B-subunits making up the octa-
meric MTP are all normal, and that mutant proteins yield dominant
negative effects to inhibit the activities of normal proteins [17]. How-
ever, the reason for this apparent discrepancy between the pheno-
type and the enzyme activities remains unclear.

5. Conclusion

In patients with recurrent muscular symptoms such as myalgia
and rhabdomyolysis, a fatty acid metabolism disorder such as MTP
deficiency should be a suspected etiology, even when tests performed
during attack-free intervals frequently detect no abnormalities. For
the purpose of diagnosing MTP deficiency in these patients, it is im-
portant to suspect the disorder on the basis of their past histories
and to repeatedly perform acylcarnitine analysis when attacks
occur. The biochemical findings in VLCAD and MTP deficiency can
overlap, which occurred in our patient and suggest that suspected de-
ficiency of either should lead to Western blot and genetic analysis to
rule out both when appropriate. MTP deficiency is a rare disorder, and
its rareness may be explained by the presence of patients with recur-
rent muscular symptoms in whom the disorder has not yet been
diagnosed.



M. Yagi et al. / Molecular Genetics and Metabolism 104 (2011) 556-559 559

References

[1] Y. Uchida, K. Izai, T. Orii, T. Hashimoto, Novel fatty acid beta-oxidation enzymes in

rat liver mitochondria. IL. Purification and properties of enoyl-coenzyme A (CoA)
hydratase/ 3-ketoacyl-CoA thiolase trifunctional protein, ]. Biol. Chem. 267
(1992) 1034-1041.

RJ. Wanders, L. [jlst, F. Poggi, J.P. Bonnefont, A. Munnich, M. Brivet, D. Rabier, .M.
Saudubray, Human trifunctional protein defficiency: a new disorder of mitochon-
drial fatty acid beta-oxidation, Biochem. Biophys. Res. Commun. 188 (1992)
1139-1145.

L. ljlst, RJ. Wanders, S. Ushikubo, T. Kamijo, T. Hashimoto, Molecular basis of lonf-
chain 3-hydroxyacyl CoA dehydrogenase deficiency: identification of the major
disease-causing mutation in the alpha subunit of the mitochondrial trifunctional
protein, Biochem. Biophys. Acta 1215 (1994) 347-350.

Y. Hasegawa, M. Iga, M. Kimura, Y. Shigematsu, S. Yamaguchi, Prenatal dignosis
for organic acid disorders using two mass spectrometric methods, gas chroma-
tography mass spectrometry and tandem mass spectrometry, J. Chromatogr. B
823 (2005) 13-17.

H. Towbin, T. Staehelin, J. Gordon, Electrophoretic transfer of proteins from poly-
acrylamide gels to nitrocellulose sheets: procedure and some applications, Proc.
Natl. Acad. Sci. U. S. A 76 (1979) 4350-4354.

J. Purevsuren, T. Fukao, Y. Hasegawa, S. Fukuda, H. Kobayashi, S. Yamaguchi, Study
of deep intronic sequence exonization in a Japanese neonate with a mitochondri-
al trifunctional protein deficiency, J. Mol. Genet. Metab. 95 (2008) 46-51.

U. Spiekerkoetter, M,J. Bennett, B. Ben-Zeev, AW, Strauss, 1. Tein, Peripheral neu-
ropathy, episodic myoglobinuria, and respiratory failure in deficiency of the mito-
chondorial trifunctional protein, Muscle Nerve 29 (2004) 66-72.

H. Miyajima, K.E. Orii, Y. Shindo, T. Hashimoto, T. Shinka, T. Kuhara, I. Maetsumoto, H.
Shimizu, E. Kaneko, Mitochondrial trifunctional protein deficiency associated with
recurrent myoglobinuria in adolescence, Neurology 49 (1997) 833-837.

[9] M. Kompare, B.R. William, Mitochondrial fatty-acid oxidation disorders, Semin.

Pediatr. Neurol. 15 (2008) 140-149.

T. Kamijo, T: Aoyama, A. Komiyama, T. Hashimoto, Structural analysis of cDNAs
for subunits of human mitochondrial fatty acid R-oxidation trifunctional protein,
Biochem. Biophys. Res. Commun. 199 (1994) 818-825.

B.Z. Yang, H.H.Q. Heng, J.H. Ding, C.R. Roe, The genes for o and % subunits of the
mitochondrial trifunctional protein are both located in the same region of
human chromosome 2q23, Genomics 37 (1996) 141-143.

U. Spiekerkoetter, B. Sun, Z. Khuchua, M. Bennett, AW, Strauss, Molecular and
phenotypic heterogeneity in mitochondrial trifunctional protein deficiency due
to 3-subunit mutations, Hum. Mut. 21 (2003) 598-607.

K.E. Orii, K.O. Orii, M. Souri, T. Orii, N. Kondo, T. Hashimoto, T. Aoyama, Genes
for human mitochondrial trifunctional protein -and 3-subunits are divergently
are divergently transcribed from a common promoter region, J. Biol. Chem. 274
(1999) 8077-8084.

K.E. Orii, T. Aoyama, K. Wakui, Y. Fukushima, H. Miyajima, S. Yamaguchi, T. Orii, N.
Kondo, T. Hashimoto, Genomic and mutational analysis of the mitochondrial tri-
functional protein [3-subunit (HADHB) gene in patients with trifunctional protein
deficiency, Hum. Mol. Genet. 6 (1997) 1215-1224.

U. Spiekerkoetter, Z. Khuchua, Z. Yue, M.J. Bennett, A.W. Strauss, General mito-
chondrial trifunctional protein (TFP) deficiency as a result of either o- or B-
subunit mutations exhibits similar phenotypes because mutations in either sub-
unit alter TFP complex expression and subunit turnover, Ped. Res. 55 (2004)
190-196.

[16] J. Purevsuren, T. Fukao, Y. Hasegawa, H. Kobayashi, H. Li, Y. Mushimoto, S. Fukuda,

S. Yamaguchi, Clinical and molecular aspects of Japanese patients with mitochon-
drial trifunctional protein deficiency, Mol. Genet. Metab. 98 (2009) 372-377.

[17] J. Purevsuren, T. Fukao, Y. Hasegawa, S. Fukuda, H. Kobayashi, S. Yamaguchi, Study

of deep intronic sequence exonization in a Japanese neonate with a mitochondri-
al trifunctional protein deficiency, Mol. Genet. Metab. 95 (2008) 46-51.



MEREREEZOTY @ % £ @317

4§ % : %ﬁ-E %E};@EELHU%% Eaﬁk#ﬂ‘_[bsﬁnjfjbgt(,\%?i %@%ﬁ%ﬂu&

&%ﬁﬂfJujﬁn“ﬁﬁc‘.‘.%@?K}j

" The prevention of sudden neonatal death

A HE— wn Exe
MUSHIMOTO Yuichi YAMAGUCHI Seiji

BERFEENNERZERE 9

RRNBMEBEO—TRIC, ALRRATCAERLCELL e RE R
CREBDH D, 7/ - BRBRRHERECIBAROER AT
I, EEEE @ﬁﬁiﬁ'ﬁ%“f‘ < iﬂﬁa‘bh\ﬁﬁ_ﬂ’% ﬁu’fb BRBRICHS %:EHEHY

%%E%H%H@ﬁ SIDS, R vxxau—--/a fswﬂwx J

E, BEROFHTH > ThHESRIICII®
0 ®IC TU B S DERSZVEANH D BIRE
B L 7= BIic RIEAS AL LB 3 B 2 L3 & <
PR, FENRENSFENBEAOE K5 TWD, —J, AL9EZeFEmRREE SIDS ;
JBORHTH D, IMNTHRENTWZHESEHN  sudden infant death syndrome) 13, [ZHE T
&, bELEFELTOWERNERICEEL  ORERED ZIUBEEREN 5 72 DB 2T C
U, BREE, WAET, &% BHEE 2L 3 LObBCRREEBLUOmIREC BN D
TRAEEELTIEDH . FOREENAESNAZY, BAHELT, 18EE
REHRERICRATERIL I 2REELE]L  ORIEROER =5 UHERE 2 Th B,
IRY Y. BEHAERORREIAMICKRET S,  SIDS OEEIRWEFICEEI N TV,

®1 Eﬁﬁﬁﬁﬁtfdﬁﬂk 9*3775%\“:#_;_(/96{‘

(=HEIEE, 19997 & h—ifRm)

|3 0558-471X/11/%50/ K /JCOPY



318 B ERNEAE B vor.102 no.4-201114

FE, AMBEAROREE L T—HOERN
mEr L |CHHEE - EIRAMERERE
REHINTWSY, s ERERICEE TN
1E, =R ETHT A NSRS, €IT,
SIDS REFER TRET ARRBEREL TOHR
MR, DU, ERFERAZIV-ZVITOEER
Iz DWW TRz,

HHERRIRTEDTFHHDIHD

et HGVFARR - RO Y=Y

B, YT ARAREBHLWHERTAA
)=V B RIERLDDH DY, YT LT A

. SYTLYAONREER

B (FRE4)

2 SYTFLYR-AHU-—

*HMG =3-OH-3- XF L4 L& JLER ; VLCAD= R8T ¥ L-CoA FARE

BT, MEAEERIRLE—EOBRETER2IC
ST ESRERREAS Y-V TEDY. BT
OEERT AL ) =227 (HA)—E) HERE
BTHHT I/ BABEYESEBIMAT, &
QVEED ENBIBTIRETH S, DBETOIN
FTONAOy MNFRICE DL, HxDOREBHEE
TN, 2E0FREBEITRN,000ATTA
THBHYY.

BYFE AT ACEBHERTAAT ) =20
13, 1997EM B A Oy MNFEMNFRIB I N

20034 5 B EA N BERFPIRERHZ S,

ﬁﬁﬁ%%%@%é%ﬁﬁﬁ%ﬁﬁT%@,%

:/ﬁfaaméiaﬁﬁ

—
pEr |F

% . MCAD =47 & JL-CoABiksB%R | LCHAD =&R#3-0H- 7 Y )L-CoARKREER |

CPT=AL=F Y/ rANMSIFYRAT T
=583 — b R OF Y7 ¥ )L-CoA BIKRER,

—+%. TRANS =k 5S> 207—% : SCHAD

FOFEREER  =3AR A= RRH  Bi=RAH
*ﬁﬁ?xzau—:ydwﬁ%ﬁ%,1'%Eﬁ§m,2mmﬁﬁﬁwvm4mv%ﬁ%®ﬁ

R
O —RRFHER(BRTCLRERTE S,

BENRLEBTE S LU TN IRER)

A —RHRESR@EBATE BEEUCEENRITEESTRIEDH 2HK)

o™

(LDsER, 2009% I £3)



BOBHRITBLEEZLSNDT,

HERRAREZE TR
FERABEBE

R RIEARIE, F7-13 SIDS BEER TRET 3
REMZERRBEBEER R IITRTY.

FUFLRA « AR V=227 T, BHE
REERFESBHFBRARHETEE, BXU—KOR
RYAINVEREETNFOMmME, > MVU Y
Mm¥E, >hYUSREE TIFZ /) aANIBR
E) 20T XV BRBBEEENNRERS.

738 - R - BIFERAHEEEOERRE,
RO DEZRZCL2FEVEOEED 2013
IRNVF AR LDBHREETHS. RIZHIC
EREOREEEN BTS2, HEBICH
ARDOENTRBEICRB AL 3 LHEEIN
5.

FEREREEZOTH B %

FERMORREORZ BHFEL T, 1)E
MEFRE, 2) 7 R—T R, B BT ME
RELIDABMARICISMEBBEND 5.

1. (EMERME

FERTOZRINF —EHIGEOE M E K 1ITR
T EFRIRNF-BELTRELSDOI I
I—ZZEFALTOWSBHR, BRSNS OTR)V
FERENARLAEEEE, OV a7
SZUIRENG OREFE, QIEHEBRRHNS D
N REERIEBICERT .

RIMBE, WEHERREBECRIBASESE

 THBNBERTHB, W, HEEMI3~4

RIS & B A S R DRSS DIz < W,
UL, BEEOBEEEEEND 58810, 2
ABEAT DR, S/ HAESH 5 R O
BT AE COMICRET 528055,

2. KBIF2ICk2iE851 ,
M7 BT RHBRE DA LRICLS

(LUESER,

2009% & b —HHZE)

% @ 319



320 @ EANRERE B voL102 no.4-2011/4

B8
TbF—ita

N
(Bt (FUa—52)

T hUREE
(REfn®)

0 2 4

U

>

6 8
(BI5E)

10

HROIRIVF —HIEROEL

BENS QEMERCEIEEE, VYYI-FYHLORMENELS. <
NEDQITRILE—EHAARD &, IEIRERLIC & 37 Y REEN B D,
IR BASEREIEPBRLOBEETHD. &< T REAR OB P RSB
7Y IXX-—BEOTEETREICRETLERET D

(LR | BFREIER 2006% & 3)

RBFENEZDND, BRAWMITEORES
5738 - EHERARBERETH, HAEER
F 0 HHABNSAMTERNBAT BT LNE
2%

BED HERBEICDOVNT

HAEFTBIT ORI & VBB IS E &
B FVFLRA » AT Y= T ORRRRE
E2)IBWTH, HEBOBHCRVZ<OD

b ZNRERD D IGERHIET A I ENTES,

7V 3 VBRI 2 BlOFAERB O &5 I HERS

i RE L BRI/ DERTIY, HEMBEOE

RERBBEDLHD. |
HAMSHORBICIY, BETREOE,, BER

ERABRBEOBEO LD LETRE LR

oy

2009" & O —#ReE)

A RIS
(LESER,

R R B EY O REIC L 2 AL
e EAEDETITS 2 eEn”. HEMS
OHIEE LT, S8 GEHE ORETRWET
THIBENDS.

SEIRTEICTEBL 12 & E OIS

5 A RIS L B, SRR EE
BT DI RETAEREERAITTT
B RS I B B T & THERE BB D <
<, TRERBDERLEN, £, fREH
Bl E D N B, VYV EE
FHORWIENEETH 5. TEREBRZENIRT
DNTORERFHDTFIHITHRILD.



BED EXRRBBRBEERRIALVEDIC

ERNBEBECHERHRETIE, WlEE
PHILIET, B, UWnha, B#EERE,
FHERENERERT Z E43%20), Sepsis work
up TREBMBENR L, EEBE TERRNFRRS
HOENBVNERIIE, TEEBREL TERAHE
%Féuﬁk%<b§@%% REEEEZ B
SIRNTZDITTANTT D REBENL, MiEH 2,
¥, 72T, B, FFHEERE ThH 3Y,
BE D MR 25 CIABOBENTE2 5D
e ARV
BUDBRETREEZRDEBAICTIELICELE
BEZTY, BR2ED TN,
Bl ERERgH REMZHOSEH

AR - e ARBEREICOWT, Y254
NR A7V =22 T CHRIERNC M S N 7= EF

&, FBERCBH S N/IEROERRZE 5ITRT.

MERZ ) -2 7 Tolian-BETE, &

HWERABEEIEDS9%, FEiMa s B%E DS
RIMEERFEEZL TWz, —F, RERICBE
X ik

1) _u_,\EEHﬁT AR DRAIE. BARRDBHAER
6 11:21—25, 1999,

2) HUUTEEL, RN BB, BAEEIES  APIREATE
BREHCIDS)ZWDOF51E KEITH 2K J Jap SIDS
Res Soc 6 : 73—97, 2006.

3) WHER: FEREREOTH : ¥ FATARES
RERER. BARBEY - HEREELSMEE 45: 973
—976, 20009.

4) ERBN, B BIL: ¥ FARARIAHERT R
ADV =7 INBRE 42 1 12001204, 2010.

5) WOBK  FILWHARTZZZ Y -7 F05
LY Q& A 2009 EEHBHEREWE(FLELE
FERETFFEE) BISEHE, pl19—22, 2009.

6) Shigematsu Y, Hirano S, Hata 1, et al : Newborn
mass screening and selective screening using
electrospray tandem mass spectrometry in Ja-
pan. Journal of chromatography B 776 : 39—48,

T UEZTDBRESD TN TR S I,

FAERERFELZOTEH B 5

®5 FEHR

SR & RAETR RSB D T4 HEsk
(2001 E~20084F D F R 1)

TBHARREEFEMBIEDO/AOY K ASF ¢
*ERASE TR foaEs,

(LR, 20017 &£3)

éﬂkﬁ%f@ﬁﬁ%im HHEBAHERED
, BUBRABEBEEEDS2% TH>2". &
hb®%%#bm FIERICZH, BETH LD
b, BEMCHRT2EEEREZRL TWS,
SIDS DEMEHITDNTE O F AR A BT
FER, BLER 14451 (4.4%) 17 e RFEE LB B
Tﬁ%ﬁéhtﬁi%%éw.%éﬁ%%%wﬁ
B, BEROEDICHBHEL WY O F AT AL
DHERI AR ) =2 T OERIRD BN 5,

2002,

) UOER Y UF AR ASOHEMEBAL EH LW
ERT AR Y=o R ORI BT B 2.
BEFBERZETE (FE b RER ORI ey,
VRE21EEEHRTE - HBITAREE FREE W
&), p5—15, 2010. '

8) ILOVER © FLY)VEZeRIERE A EE (SIDS) ERRAHEE
E. BFREEEE 53 39—45, 2006.

9) BAIIER, IWOWER SR ELEDHENBE,
FRESES 38 (HT)) : 161—164, 2008.

10) BRRAETF, BIES : S8 TREL Ta s 2N
SERAHMERE NERBE 69 1574-1578, 2006.

11) Boles RG, Buck EA, Blitzer MG, et al : Retrospec-
tive biochemical screening of fatty acid oxida-
tion disorders in postmortem livers of 418 cases
of sudden death in the first year of life. J Pedi-
atr 132 1 924—-933, 1998. -

[

% 8 321



AASER AR E 2AMEE Vol.27 No.1

201148

SUTLIABAILE BIARY U= 5 RS

lEC&ic

DAEDHERT AR Y —= > 713 1977 4
LOEEERHVHRED. THETITN 4200 FA
DHERPREZRZIT. £91756 F A BEH %
REh. 2 es 1 FAU LD/ NEA EEN S
BNREEZLNT VS, B 6 BEDOESEN L
BREBOTVBD, RYFLIAREALTHES
BREZIRL. KB DNEREEREN B
BOEVIEEND B, CABRIEARZZY) —=

7 (expanded newborn screening) 1 >, Bk

FEEZFLICHRICER LDDB 2, bAE
THEIEORREEER S N2 HEEENE L 0,
DAETIE 2004 4 X b B4 S B AW T,
2YTLRAC X 3 EERFIEE, A DOHE
RORSCRARI ORIE, BRENMER, BEamess
DWTHRERENTE T, TOWERER L &Ik
RAT V==V F OFEBBEIC DN TRATZ N,

I. 3V FLRZADNSEREDHRE

WERNZAZAZ ) ==V 7Tk, TE37 3%
CORBEZHRINTINEDTIERV, WEE
BICEMWM T RNE—~ZDEEDNS 2, bbb,
REULDZNC &, REEANADZC b, Bi%RE
KL TRETH ROV LUEBK T2 b, 55
T CATEBRREFINESTNB L. B
IWHRDT SN TVWB T L ETH B,

REONSIREBIR., 73/ BRBES 35S
BROTS T b —RME, R FIRGREEET
iE (CH). SERMRIEBERE (CAH) Th 3,
BRAI V==V TR 1ICET L5 I, 72
/BRHER 3REOHOMN, |EDR Y FLT

36

W a%E X
BIRASNRR

xmﬁw&ofl6ﬁﬁmmkéﬂ%o:®16ﬁ
B2 TIIHSRER) L LTV2, BRI, 73
JBRHEE S KB, GEBABES TES. B
RUMEH R REEY 4B TH 5,
COMIZEH 10 REBAHETE 25, THRS
TRARLDDD 3 3 ), TEENEIERIC xR
TR B2V TEANENE S AT
& EDIHT 51 EMEEMETTRE T 2 JodSpmss |
LTV, 2RNBEBICEAL T3, BE©
BAERENELRAE LTREZ 358 LT3
W BERED THID 72 < BOEFR BB 30T
BET B AEENS BDERS 5, +Clce
EEENTOBHKEE T, T2 KodSms 13
BELEVES ICHEPREL. F—RExnT
LT B 8% 5T B 2,

I. {RiESHADREE

RUT LY ZMEBIC X B HEBROREHEEL. =
HORT XS, 1R 2HAHBREEEEDE 2
ERIOTANZ I ATH B, HEETREL TS
1 THSREBICBS L1 7 1 FAIZ 1 ATH B,
K TORRBEER 4 T~5F AN 1 AROT,
OHUETOHEEGENUTTH S, ZOEH VD
ZRELT, RIEE, FIEAEDBN. 2300
RIMFHDBENC OV TR ZET 3, BokTik
RIFFEADER 2 ~3 A TH 2 Dic L. DHHE
TRERS~6HTH 3,

TIVBRHER, BEBRAHERIIWIIC X
BAVINTAMIC X > THEERRHLDT A2
D BEERAHER CRINTh B, T hbb4g
Eﬁﬁ@o&&%ﬁﬁﬁﬁ<t%ﬂ%ﬁﬁ&%o
o TIEMBRRBERE 2 R R ebicid, @




201148 H

BASER AR 2 EMEE Vol.27 No.1

EXDLROFHAZRDZXERHBHE L
W,

. ERBEDALDTHD
P —h—0is
7 /BRBEE TR, KRICEBENET S
BENZEIBIEL 22 LB ND, GHKEE. 5
PBAHEE TRAT L RERENZ 7 VLA
WEFVRTITREENRETE RV L H B,
PIZE. 7oA VBMET RT3 uto
WANVZFV (C3) F. BETHEIKEE,AADA
% EIFR59, C3/C2. C3/C4, 5\ % C3/C16
HEDEBWMR—H—BRET R LIck->TRE

WITORG)—= TS
(6F=&)

FE/BAHEE
Q7z= VA b RIE
QRESRAFUREE §

®A—F iy TRE

@HLFfE
@®HSv —RigE

DRREINZ D2, ERFEOLTHEDH
BETEIREREERRICE> TR, EOEXLE
BMEZLZCLedhb, RERLEEL T
WRlEE DRI~ — I — %2 HRT BHENE S 9,

V. #RENBEDEY

&/TAVXT HAINZEBIRIERTH

NREBRER TR UANENT LHZ, B
%72({:‘?%&7’3\%? RHEThWwC Lt b3, Y
T LY ZADNEGRE T BRBICHT 2 B EREMA L
DizDicd, TFERTAZA ) —= v 7 Eg
DFHEZHASMNCT 2 DI E, YARAZ Y —=
YIBEIBNT, BEOEEN IO~ v

VT LIYREABRDONREREDIK

\

\ (7) CACTRiB%E

OfRMETERR [ &

DEVFLITR

S/ ACHEE

1. Tz U BREE

2. REVRFURE

3. AT ovTRE

4. RV mGE1 B

5. FILXZ/UNIERFRE

(6) BFOTvimfE1R

N 7L ImE

®) ThoriERE
HIEBHEE
L ATV OIS
. FOE GBI
AVEEBRIE
L AFNGARZILT S REE
. 3=OH-3-AF LT LRIV BEFRIE
L RIVFTNAIRES S—BRIERE
CTIVERIBEFREETEY

(8) 3—%3—#7—@2#;;“

pes

1. MCADRIBfE
2. VLCADXIBfE
3. TFPRiB%E
4. CPT-1/484%E

B) 2BMIIIL=FURIE

(6) CPT-2¢iB%E

qmmwaA

(8) LA B FRE2 R
(9) SCHADZiBE

@YLFosE
QXUERE ﬂﬁ,m
@HS5H~—R I

B1. ZYFLIRGAILELS AR Y—= 57
7I/BAHARE. BEBRAEER. BPRASEEE 1 B0 CRY -0 5TE3,
FRERRIREETE. SREATBHRE. A5 F—MER. BEOET B2V FLTRT
BIHTELV S, EROBETRET BUELS 5,

37




HAJERAHIR 2 EHEE Vol.27 No.1

201148 A

Rl FYFTLRRACEBHERTARIU—ZV I OER /0y FXEZF 1)

R RE —RRER
GryaRiE2010%E) (16¥ER)
TIBREER 42 (4) 1:3.085 28
1) 72V b R 21 (2) 1:6F7 21
2) A= iay TR 1 1:1277 1
3) REVAFVRIE" 0 0 0
4) ¥MVYvimGE( 1 ) 50 1:25/ 5
5) PINEZ ) any ik 10 1:127H 1
¥ BFUYUImE 18 0 0 -
X T F= v mE 0 0
¥ U MNIVRIEE 14 (1) 1:97 _
EEBIEER 56 (9) 1:23F8 56
6) APV~ a EEmE 110 1:1251 11
7) O EEE 28 (5) 1:575 28
8) AV EEEBIMIE 30) 1:4257 3
9) AF NNV RIE 8@ 1:1657 8
10) HMGIjE 0 0 0
11) MCD 2 (1) 1:635 2
12) 72V EgingE 1 8 6 (1) 1:21/ 6
¥ BT NFAS—ERIBE 0 0 -
PR ICHERE 39 (7) 1:327 25
13) MCADXRIBIE 13 (5) 1:107 13
14) VLCADRIBSE 8 () 1:167 8
15) TFP(LCHAD) /R 8% 0 0 0
16) CPT1/R3BSE 40 1:325 4
X 2EMIV=FUREE 5@ 1:255 -
¥ CPT2/RIBSE 4 (1) 1:3257
% CACT/RIESE 0 0
X7 IVEVEBIMYE 2 BY 4 (1) 0
% SCHAD/RIBSE 10 1:127H
&t 141 (20) 109
FREE 1:9F 1:1.16/5
AOV—=VTHEREL 1997~ 1,266,824
(2010FEDH) (236,115)

KFOHEBAE, WRREL LTS0S, * B, BENSREA->TVWAT I BRI ESE3 s,
HMG = 3-& FaF-3-AF)V 7V 2)VEE, MCD = <IVF VbR 3y S5 —Eirign.

MCAD, VLCAD = ZH 2N, iREH T 2l -CoABi/kEEEER, TFP = ZHEREE,

LCHAD = E#H3-t R 7 2)V-CoABIKERESR. SCHAD = 843-¢ ROy 7 L-CoABiksmes,

BARAIRTHD, TNETOIRATY—=
TiE. EABRGRELR EEZEBIH DP9k
BELE . 2EMITINCES DB RBEAEE
TRTVB EIEVZEN,

V. BEORE, BEEREDBENDI

BT LR ANGREOHRICIE., HARARED
BREDTDICHLNC > THRWEEL H 3,
Taed VERMER, BOK T, KEOHELIRS
BRICERTERTRIES 572, SAAZVU—
ZY T OMRADERHEN TS, chcHLT,
HAAND T B ¥4 VBB IE Tl 8L A e

38

T, IERTRBLTVWS, AF)Vratoisy
UV VEERBCE CRIBEREREBE L AR ENT
WBD, BERAEBE TR, B >ERMELT
LEMERERERZRLUED, BEROBIZED.
MoTeDT 59, RRE CEERETH-> THLE
FATHL S B 5 MhDERMET { 2 aRE

BEETERRN,

TOEEE: - IRITRABREORIE. 52A
RIEEEEDLMEFZE L TVWADIAEHD R
FLAZSEBICBEEREE LT LD 2,
BVE. BlET3X5 ¥V —Ric s8X” &
BEI/NEHEBT L. EERERCEET 28



201148 H

BASERAHEEEAHEE Vol.27 No.1

BELHD S %,

RARAD ) —Z VT TRENRERENTRE, 15
EAEBEEDLLRWEFEZTEZN APOX b+
VAN o 7, Eamichhb b & 5 xFErR
BIIhrbLNETA. L LEERERTAS
SNBHAREEEHD I T LW S EIAE L,
BERBEILEDLSICRIFTIEDZTHA S H,
RERRELZLWE, BEUEDA LV AZEL A
WNOEET B E LNy, —F. BREGERE
BREVEEERTERL TV S BIC NEERTR
BTHs) bEZBHELSICKED, SNEICEE
BREGEET AN NG, BEEFEYTS
ERXERRSFHAT 388N H 5,

HERPICEEPERENE, Efilcbio
CTHRIET BT LR D, CORD, BRBEIEUT
BEZWMETORTH S, B2WCRT XS, 7
SBRBEE TR I/ BOWMS CHRIRETES
TEMBV. —7. B IR EEETIR.
GC/MS 37, 1A VT L A0, BEZHD
BVEEBEFEMNALUELESREL RS, LHL
TR T, HDREDTDICHREBEOEEIRIE &
HEBRELRZENTWVWS, COEDEBRDEIC
o TIRWIREMNE L, —EOWEEBEDO RS
TATIKEO>TWERELEZATHS, EVIETHS
ECOKFNETEETH D, MY — XD
UoNB X3 ERBELZEICE>TYR—+93
BENRDH B, EIBEOBVZERMERLED
HRENLEENS,

VI $2ERE

BUTLRATHRRENZEBIFVIERTH
BH. WDECT, EDXIBREEARRET S H
DL EV. BREINZER, BNEZT 5/ R
EIAHT LEEMMREREEDE TV S L IR
7RV, HEDEC TRRINTE—EL VL
LOBENZIONIBEFEOIBETH B, T
Dicdh, BEHNA R Ty VRERLIED, B3\
BEZERE TR BV ILVE Y N TER LS
TEENAY FPIY—IMEBNB L XV, X BIC
NRBRIEDHZ 5T, ERNEEEERAZ Y 7, &
e, MERINEREENSRE ULEBRRZ L L#
ZATWRNETH D, IR BER EEE
B ERBEVRTVE I ICRRBELZEICLSY
RA—bERETH S,

VI. ZERWHR

FERSAZAZ Y —= v T REEOBISIC L2
NNEHEEL LTITH UL BRANDREZTMT 3
CEREARERTH B, ZVTFLIATE 1 BOMK
BETEBEOBREBVPERTESD, FRIZX-T
BEEICIALLRDYSRVWEDOBREFERE
BN ICORNREREH B, £ IITHEHT
XFEDEAAY ) —= v 7 OBENNER T
BEOZTHLIEBL VS, HEETE. KR
BEoTh, PED 173 ~644 EDOMEND S
CEREBLOLNTWS, KE, LY TADT 7F v
F 45 BOMRDPH B LEHEINTVWEHR, v 7
BEERT VF VDV TRERIE TV AREE

&2 BESHOROICLRELRRE

- ' VSN ;
o Rl
ar o covy AN gy oM
()

= e BHAE
FIUBKHEEY O 0O 0 o BHEE
EEBREESE O o o A~O _
EFRREESE A o O O~0 _

O FEERZWCBETH S, O HEESHS B2, A HUL UTRE,

39



AASERRHR T 2 A Vol.27 No.1

201148 8B

K3 AUFLIX 51 —= ¥ EF RO BENNRME

B ESEAL BnRiELS
(BCR) (NET)
BUTLRA AT )= 1.73~6.44 71~143f&M
KETIF 480k 522
LY T2 F 5.2 379(EH
CTBERT ST 0.25~2.08 —332~4776EM

FR22FEEH MRS ES X0k

R4 BUFLIABRERBHAE DM

FRIMEE WEEE
50,000 /4 1,030/
30,000 /4 1,220/
10,000 /4 2,500

TRV E RS AR TR RRER L 0k,
BRI, B AR E MRS TH Y.
FIRNDHY, MIRE, ERAEE ) BIRE
BEENTVARN,

LT, BRAISISRARATIE AR DR s
HRBEOR B EDVER L B2 720, 1T
FHES 5 AENH B 0,

X. REMEROBERS

XTI AR OB S T30 3 T
FT, IRZTOBOEFERER L LTERY
200 THRETH B LFHEEIND, ZT Y=
THREROBIEE LTI ChE It N 7
WCHB, Ko A VT L ADH L iR —
EDRENBETH M, 1 BOBECER ST
BELL 23T 38EH D5 2, HoT. 1 B0
B TEHRER DN T 2 AR THD . &
TR OBEEHEOE, S LA TH S, E41c
BESEEERE LR LTS,

CNETHRARBRMTHERZAZ 7Y ——
TIMTONTERD, DFEIETL TeAER. B
IBARIC & o TEMBERDS 5 F~9 5L iE 0%
MRELZ>TVD, BFEWE. &Y F LRl

40

KE%&OT\IS@QV?A?ZF9&<E%
$@3Eﬁ%&t®&%%%ﬁf%%&5ﬁ%@
E%W&%@?%Ct%ﬁ%bfw%%

X. FEEE

NARTY == 70, FRIL LT TE&k%
TR ERFE LTINS, 2huvz. —o
BRARE L B0 R LM Ics s nsy, =
%%m@@m%%ﬁwfﬁﬁﬁﬁﬁﬁéh%&%
ThH3. S5i ANEE). FEHLH. HEREOE
ﬁ%@ﬁ9&<?&%?%%ocwﬁbm@\@
wﬂ@ﬁﬁ\%ﬁﬁﬁﬁz%@@mbf\mﬁﬁ
EHETRETH 3B,

LR EEOBEBEROA LT, BEORE
SNTUNRWHEEICHEEZH N, WY n2ns
STTVBN, RARI V==V FD7 ™ b L
DRIFZEDHE S DT DN T BB ST H
NBENETHS,

XI. BERED QOL DL

MERTARY U2V P IEE 5 7205, B
FREHNARIC X > TREREIHATE 2 21
ST TRERBGR AR RERER BT,
BENORNIZC LIXEETHZ, L BE
BIE] — Dl TEBEBEREIC L > TSR &
TREV. BEED DNES, KESEALE O
EESTRIRBLEINE SR, 22
ERBRICEY, FLTRERZSIREE LR L
REINBC L 53, BCEREORTICR
Hednadc bbbz, EHET S L ERERID



20114 88

HAFRHRE ZEHEE Vol.27 No.1

L3

ADFIRENZEZH D o720, RYRERL WV
CWichsc bbb, cnbld, ERICEFET
BERERENLCENTHD THNBT L THD,
BT S HOBRENZRETRIENDIETH S,
BERIE L OMBENEZHEBRL T, £05%
& MEOFMECRBMEE2 LT, 7
LTEBEREC L > TREMICLTWAERED
ZHREBLTH> TWB T L RZBHTE. BPE
BIETZHLVAMREZNS C Lic &> TERA
ToNBME LAe, BRI NWAEES
ROWBICLHET DL, SBIAR IV —=v 5
DFREZZIT B TedIciF, BERE L DOZFTHIE
BICEETH S,

XI. BbhYlc

200l FFICR ARV ==V T BENEN L H
BERICEBEINTLR. BROSEEHNIERLIC
L&D, FHIROER., BYigE SRz >
TV2ELNH B, BERKRIBERODRNFTR
BEEFERZLTVE T —2A8 5%, YT 3 ER
LRERAROHFTRELTWT, EAEYH L
IMEIBETERN,

AR O ERHLEE. RERIBY T 2REHED.
PREEYT Z/NERE, BREiEUERRE
%?%ﬁﬂ%ﬁ@%\ﬁ$@%ﬁé&26%%%
BEBILLST, SRR —= Vv TEZORE
ZRABICHETZCLNTES, XVFLIA
A 1990 ERUITHIA T N T Lk, Bekz il
FRIHOSER L., BATLEAARENE A>T
Bo RUVTLRABARDOIEOHERAZY
V=V IR TET IS T 5,

X [y

D) IO%ER : BYT LI AREA LFERY XA
TV ==V T ORI, NRRMERZE 65 (6) !
725-732, 2006

2) Schulze A, Lindner M, Kohlmiiller D, Olgemoller
K, Mayatepek E, Hoffmann GF: Expanded
Newborn Screening for Inborn Errors of
Metabolism by Electrospray lonization-Tandem
Mass Spectrometry: Results, Outcome, and
Implications. Pediatr 2003;111:1399-406.

3) 3. Shigematsu Y, Hirano S, Hata I, Tanaka Y, Sudo
M, Sakura N, at al. Newborn mass screening
and selective screening using electrospray
tendem mas spectrometry in Japan. J Chromat B
2002;776:39-48.

4) Yorifuji, T, Kawai, M, Muroi J, Mamada M,
Kurokawa K, Shigematsu Y, at al. Unexpectedly
high prevalence of the mild form of propionic
acidemia in Japan: presence of a common
mutation and possible clinical implications. Hum
Genet 2002;111:161-5.

5) dUIERE , MAF—BR , ZHEH , KIBEET , Fofm
BBEAWE, LOBX, SER, ERES . K
HEE: 2T LR RBAC L 85 8 LVis
TREBOIRIEIRE . T2 L7 B8R 42: 28-53, 2006

6) ILOHER: BEEHNERNEMABRENS (FLOR
EREMERE) 2V F LY AZ0HHEN»E
ALTEH LOHERIZRA I Y —= v FkE 0
FESLICBES 155 (FISEREBLOER) T
19-21 FEREHFRESE , 20104

41



